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determining	 c,	 the	 studies	 suggested	 in	 the	 Letter	 to	 Editor	 for	 comparisons	 used	 different	67	
fundamental	assumptions	 that	 limit	a	direct	comparison.	Whilst	 the	 lnDU-loop	method	assumes	68	
unidirectional	 waves	 in	 the	 earliest	 period	 of	 systole,	 it	 is	 not	 subject	 to	 the	 calibration	 and	69	
methodological	 issues	 of	 applanation	 tonometry,	which	 involves	 forcefully	 flattening	 an	 arterial	70	
segment	by	pushing	against	a	bone.	 In	 the	case	of	 the	carotid	artery,	 this	 is	particularly	difficult	71	
during	 exercise.	 In	 addition,	 the	 potential	 variable	 force	 applied	 by	 the	 operator(s)	 presents	 a	72	
question	 on	 the	 reproducibility.	 Therefore,	 these	 user-dependent	 issues	 associated	 with	73	






Furthermore,	 classical	 work	 by	 Bramwell	 and	 Hill	 (5),	 Histand	 and	 Anliker	 (7)	 have	80	










Secondly,	 the	 notion	 of	 the	 lnDU-loop	method	 (6)	 is	 prone	 to	 increasing	 ‘true’	 c	 in	 the	91	
carotid	artery	may	not	be	supported	theoretically.	According	to	(6)		𝑐	can	be	calculated	as		92	 𝒄 =  𝟏𝟐 𝒅𝑼±𝒅𝒍𝒏𝑫±		 	 	 	 	 	 	 	 	 	 	 (1)	93	
A	reflected	wave	in	the	carotid	artery	that	is	compression	in	nature	(BCW)	as	generally	accepted	94	
would	decrease	the	term	𝑑𝑈	in	equation	(1),	 leading	to	a	decrease	of	𝑐.	We	acknowledge	that	a	95	
backward	 decompression	 wave	 (BDW)	 arriving	 in	 early	 systole	 would	 increase	𝑑𝑈	leading	 to	 a	96	
possible	increase	in	c,	however,	we	are	not	aware	of	any	published	work	to	suggest	the	existence	97	
of	BDC	in	the	carotid	artery	in	early	systole.		98	
Further,	 the	 same	 notion	 is	 not	 supported	 by	 the	 literature	 and	 it	 is	 in	 a	 diametrically	99	
opposite	position	with	findings	of	Segers	et	al.,	who	reported	a	decrease	in	𝑐	when	using	the	lnDU-100	
loop	 method,	 also	 at	 the	 carotid	 artery	 (15).	 Furthermore,	 this	 notion	 is	 not	 supported	101	
experimentally	as	we	validated	the	method	in	vitro	(9)	and	reported	the	possibility	of	decreasing	102	
‘true’	 wave	 speed,	 inline	 with	 the	 theoretical	 expectations,	 in	 the	 presence	 of	 a	 large	 positive	103	
wave	reflection;	such	as	those	resulting	when	the	measurement	and	positive	reflection	sites	are	in	104	
close	proximity	(3).		105	
Furthermore,	 we	 believe	 that	 using	𝑐 	determined	 by	 the	 lnDU-loop	 method	 with	 the	106	
Bramwell-Hill	 (BH)	equation	 to	derive	pulse	pressure	may	not	be	 theoretically	permitted.	This	 is	107	
because	such	approach	will	violate	the	constituents	involved	in	deriving	equation	(1).	 	The	lnDU-108	
loop	 equation	 for	 determining	 c	 deals	 with	 differential	 quantities,	 which	 are	 the	 microscopic	109	
elemental	 changes	 of	 flow	 velocity	 and	 diameter,	 respectively,	𝑑𝑈and	𝑑𝐷 ,	 and	 their	 inter-110	
changeability	with	macroscopic	changes	of	pressure	and	area	(∆𝑃	and	∆𝐴)	such	as	those	used	in	111	
the	BH	equation	(2)	has	to	be	exercised	with	caution	as	it	will	likely	lead	to	errors.		112	 𝒄 = 𝟏𝝆𝟏𝑨 ∆𝑨∆𝑷	 	 	 	 	 	 	 	 	 (2)	113	
For	 equation	 (1)	 to	 be	 valid	 in	 determining	 c,	 waves	must	 be	 unidirectional,	 hence	 the	114	
choice	of	using	the	microscopic	parameters	in	early	systole,	when	it	maybe	reasonable	to	assume	115	





of	 equation	 (1),	 leading	 to	 errors	 as	 evidenced	 by	 the	 unrealistic	∆𝑃	of	 500	 mmHg	 calculated	121	
during	exercise	in	the	Letter	to	Editor	at	hand.	122	
If	 c	 is	 determined	 using	 equation	 (1)	 and	 is	 used	with	 the	 BH	 equation,	 it	 is	 possible	 to	123	
calculate	the	change	in	pressure	(∆𝑃∗)	that	is	related	to	the	initial	linear	portion	of	the	lnDU-loop	124	
by	rearranging	the	BH	equation	terms		125	 ∆𝑷∗ = 𝟐𝝆𝒄𝟐 ∆𝑫∗ 𝑫𝒊			 	 	 	 	 	 	 	 (3)	126	
where	∆𝐷∗𝑎𝑛𝑑 𝐷!  are	the	macroscopic	change	in	diameter	corresponding	to	initial	 linear	portion	127	
of	the	lnDU-loop	and	the	initial	diameter,	respectively.		Using	this	approach	gives	average	values	128	






We	 agree	 with	Maynard	 et	 al.	 that	 mean	 velocity	 is	 difficult	 to	 measure	 using	 Doppler	135	
ultrasound.	 However,	 the	 authors	 appear	 to	 have	 assumed	 incorrectly	 that	 we	 use	 maximum	136	




usually	parallel;	 thus	provide	the	same	slope	of	the	 initial	 linear	part	of	the	 lnDU-loop.	We	have	141	
also	compared	the	results	of	using	mean	vs.	maximum	velocity	waveforms	in	determining	c	using	142	
the	lnDU-loop	method	and	found	no	difference	(unpublished	data).	This	observation	is	in	line	with	143	
the	 theoretical	 understanding	 of	 a	 blunt	 flow	 profile	 in	 large	 arteries;	 i.e	 negligible	 difference	144	
between	mean	and	maximum	velocity.	Whilst	we	acknowledge	that	for	a	parabolic	profile	of	fully	145	
developed	 Poisuelle	 flow,	 the	maximum	 is	 approximately	 double	mean	 velocity,	 a	 conservative	146	





pressure	 is	 measured	 non-invasively	 with	 considerable	 variation	 between	 devices	 (11),	 and	152	
linearity	 assumptions	 are	 made	 in	 the	 calibration	 involving	 two	 different	 vessels	 of	 different	153	
locations,	dimensions	and	wall	mechanical	properties.		154	
	155	
	In	 conclusion,	 in	 the	absence	of	direct	 comparable	measurements	of	wave	speed	 in	 the	156	
carotid	artery	during	exercise,	and	the	lack	of	evidence	of	backward	decompression	wave	existing	157	
in	 early	 systole,	 the	 lnDU-loop	 technique	 should	 not	 be	 claimed	 to	 increase	 wave	 speed.	 Such	158	
claims	 are	 not	 supported	 theoretically	 or	 experimentally.	 Also,	 mixing	 the	 microscopic	 and	159	
macroscopic	terms	of	the	lnDU-loop	and	Bramwell	and	Hill	techniques	may	not	be	allowed	for	the	160	
purpose	of	calculating	pulse	pressure,	as	this	is	likely	to	introduce	substantial	errors.	161	
	162	
	163	
	164	
	165	
	166	
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